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”

1T 1S THE POLICY: OF THE OMEGO DEPARTMENT OF EDUCATION

THAT NO PERSON BE SUBJE TE SCRIM/NAJION ON THE

BASIS OC'RACE, NAT IONAL IGIN, SEX, AGE, HXNDICAP OR -

'MARITAL STATUS IN- ANY PROGRAM, SERVICE OR ACTIVITY FOR

WHICH THE OREGON DEPARTMENT OF EDUCATION 1S .RESPONSIBLE.
THE DEPARTMENT WILL COMPLY WITH THE' REQUIREMENTS OF STATE
AND FEDERAL LAW ‘CONCERNING NON ﬁlschMINATION AND WILL
STRIVE BY" ITS ACTIONS TO ENHANCE THE DIGNITY AND NORTH

-, - '

OF ALL PERSONS. e T S
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- . STATEMENT OF DEVELOPMENT .- ) =

~

[H1S PROJECT WAS DEVELOPED AND:PRODUCED UNDER'A SUB~CONTRACT

FoX THE OREGON DEPARTMENT OF EDUCATION,BY tANE COMMUNITY

,COLLEGE, APPRENTICESHIP DIVISION, FUGENE, OREGON, 1984,

LANE COMMUNITY COLLEGE IS AN AFFIRMATIVE ACTION/EQUAL ‘)

OPPORTUNITY INSIITUTION.
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. RECOMMENOATIONS FOR USING TRAINING MODULES , '
s / . . '-'\"' .H. t — r. | ’ '
' The Following pages 1ist modules -and ;their corresponding pumber§ for'th{s
. partieular apprenticeship-trade. As related training classroom hours ;‘ v
yaky for‘diffe}ent reg;&ns.throughout the stat ,,we.reCOmmgnd that
the inddvfdual apprenticeship committees divige “the total pagkets to -
fit their individual class schedules. . : '

. .
) *
[
b

~ There gre over 130 modules avﬁijab]g. Apprentices can compléte the |
vhole set: by the end of their indentured apprenticeships. Some .

¢ apprentices. may afréady the knowledge and skills that are covered
in ‘particular modules. In tﬁosp cases, perhaps credit could be y
granted- for those subjectss, al]owing_appréntcies to advance#to the : !
Qremaining modules. '

’ .

~

+ We suggest the the apprenticeship instructors assign}thg modules in
" numerical .order to make this learning tool most effective.

’
' .
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‘ " - . SUPPLEMENTARY LNFORMATION f‘ ot
- - . ' , /; I3 ° \ . .
ON CASSETTE' TAPES . ;s
~ s [ ' ¢
L - ]
» ! * ‘ * ’ ~
- AN ‘ \ '.
Tape 1: Fire Tube Boilers,- Water Tube Boilers . ' . _ \ :
-, and Boiler Manholes and Safety Precautions o o \
- ’ . ._f'. ‘ ‘ | . -
~ Tape 2: Boiler Fitti.rmgs,"Valtves, Injectors, L ’ oo _ .
N . ° Pumps and Steam Traps * ~ .
. . . L4
- . . . - ? .
 Tape 3: Combustjion, Boiler Care and Heat Transfere |
. ~ and Feed Water Types ' k ' . N
' N Q
‘ Tape 4: Boiler Safety and Steam Turbines
. .

ot 7

' | | : :

NOTE: The above cassette tapes are intended as additional
reference material for the respective,‘;gpdules, as
indicated, and not designated as a required assignment.
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Goal: : Performance Indicators:
& , ' _
The $pprentice will be able to_identify 1. -Describe the classes of levers.
mechanical and hydraullc 1evers by s .
classification., : 2. Describe thd advantage of
different types of levers. )
»
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. y ';MEChanical levexrs ar used to change the direction of a, . force,
‘ - > . — .. 8
increase the force or change its speed. : : ‘e s,
: - AR
, A The first-class lever is used to: change dlrectlon and increase |
- force.; S - , .
3 .« . ! i ¢ N ° ?
v EFFORT " - - T
.. . ‘ . - | / A WEI" '
A/, - . DAY .. :
i ! . ¥ ’ -
A ‘ : Z
( . R . +Example - Pry Bar ‘ g *
. y [ . I _ FULCRUM
" The second-class lever is used to increase fbrce.
. AS

';/ EFFORT
' - v WEI-

Example - - Wheelbarrowﬁ/)l
e ~  FULCRUM - [

' .
C. The .third-class lever is-usedato increase speed and dls}ence.// ﬂ
| o - EFFORT FULCRUM T v
WEI- | t v )
., GHT
. - Example -~ Your Forearm R
. LT ¢ .
- e N ‘
, : : : /
’ _ . .
18 - »
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WORKSHEET . “ o e

Completg the fo].lowing table hstmg at least one lever

. of each-tlass that you have observed.

. T .
N " . T
o ‘ {f . |
Lever: (ibserved ’ Class of Lever -

TN oy B W N e
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! L _.__INSTRUCTIONAL LEARNING SYSTEMS -

..

1EARNING ACTIVITIES

)

1. Usea trlangular block of wood a meter or yard stlck and
welghts to dermnstrate levers of the flrst second and thJ.rd class.

2. Exanune shop equlpment and hand tools to determine the
v . : ‘type of lever (s) involved m each |

" a
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) T T _fmsT;{UCTIONAt‘. LEARNING SYSTEMS =~ o ~

N . . . SELF-TEST | T e )

o« . * .
1. The - class lever increases speed. ®

2. The handle on a small hydraulic jack is a lever of the ° - L
. .' . . . "~ - ' .
“ ~ cClass, ' . ‘-y_ '

( ‘ o - 3. T__F__ The third—class lever increases f.o*rcé.

* .
. 4. Aprybar is a lever of the _ " class,
5. T__F__ In hydrauligs leverage, a small weight on a small
piston.can balance a heavy weight on a large- piston. , : oo
. | o « .
i \
i N ’ ‘
2 " ' ! ‘ _
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‘» . POSt
Assessment

i

‘ N 1
-

. tage of each

Lever Class - . .' Advantages

L}
. L
v . y
4 . B - . . )

POST-TEST

- T, ) ‘

!

Draw the three classes of levers and indicate the advan~

.
b "
N
v “
LY
- N .

(

N




Lever Class - '
: /’\

1.% First
E

., KEY.TO POST TEST. -

.' .

vantage

. v Increases forc€; thanges: . .
oo direction, - WL
L4 w _ \ ot
M R . . A

-

Inereases force. "

i . Increases gistance a

£, . i T

speed, y BRI
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Goal:

~C

. The apprentice will be able to
describe basic principles of
hydraulgcs in the transmission

:of force.. mmy”

' Performance Indlcators:

.
. 1 Describe bagic principles of
hydraulics. '
2. Describe transmission. of force
_by liquid under pressure.
ur : \
&




- Transmission of - forces*by use,of. liquids~
in confinement under ptessur
. : S . ,‘ . '//:,,_. . -
o ' ! "/ R 7/ .
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' . . INSTRUCTIONAL LEARNING SYSTEMS s

A . - ' Ty

‘A few basic principles of fluid power help. us to"understand '@ -
| hydraulics jfce force is transmi tted ‘through a liquid, the follow- - o
AN '.-"

ing basic principles should be underStood | o
1. Liquids have nG shape of théir own but take uh shape of thelr

container | : ‘ ’ - '

| 2. Liquids will not compreé.s (for all practical purposes) .

»- 3. Liqulds transmit applied pressure equally and tmdiminished i.n

-—— »

all directions. S .
4. Liquids may provg,de great increases fn force when transmitted
to surfaces of varying sizes - EXAMPLE : ’I‘wo cylinders of different sizes .

.and connected t:ogether demonst:rate these prmciples | “

15Q. IN.~

1. Moving #1 cylinder down causes #2 cylinder to go up. .
2. The force created in cylinder A is tmdiminished in cylinder B

¢

" 3. The presSure created in A is transmitted eqwally to each

square ihch of area on pis B.

References; Use available information to increase your knowledge of fluid
power. S . B ' S
2

.




“ R |

. Use a small h&rdraulic Jjack to answer the i?ollowing': o

/

‘LEARNING ACITVITEHS ~ « ©

*

A. The handle is comnected to the (smaller, larger) gylinder.

B.
C.

.-The force put on the handle is transmitted by a

Does the small piston move (Q) shorter distance, the same
distance, a greater distance) than' the 1arger piston?

How far must you move. thé smaller piston to move the larger.
. \

]
]

piston ohe inch? T >

. If the area of the smaller piston is increased to 2 sq. in.,
. p

the force increased to 6 pounds, how much load could be
” | " ‘ 3

supported by the large piston?
' : v

L4

T o,

N . .
hd L]




*® . .
1.'_In the space above sketch-a éimple hydraulic system showing
the -transmission.of force, ' o

U | . -
2. Color the area red where hydraulic fluid under pressure is

located. o

- : 4

&

23 o .
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: T | INSTRUCTIONAL LEARNING SYSTEMS

;(. gSelf st
Assessment

e .
B SELF-TEST . \ , ,
~ . ' ' . p .
: B . W
., L T__F__ Fluid will not transfer all the force from one _
" place to another’ .
2. T __F 1+ Hydraulic force cammot be transmitted over great
distances. *» . = ° ‘ o )
: . o . '
E . _ 3. T> F _ Liquids can be oompressed. '

X T __F __ Because liquids have no shape of their own they can
" be used to t:ransmit: force agaipst odd-shaped surfaces.
5. T ___F __ One pound be used to lift ten pounds hydraulically

-.—/
[
-]
=
=

Et N TN

30



‘(. post _;‘ : i _.
Assessment | |

’

1. If the piston on the 1eft is lowered 1 inch, the cylinder on the ,

A

right will raise | o _. ' ( ‘_
2. List the four basic principles of hydraulics., ”
© A R | . !
| B. .
v C. | ¥
.. N + D , ‘
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-..-',- o ,. ', . i " A . . . . . e N . ' . Pe .
li‘f;(("' e , S, SN KEYJU POST"TESTJ . e '_.' . . » o
\ . to - . ‘. '
\ 1. linch. * =~ 7 | o e
2, A. Liquids have no shape of their own. ’
B. Liquids will not compress. : A . i
- ’ . .
o f o C. Liquids transmit applied pressure equally in all ‘
o directions. | ' ' , E
) D. Liquids provide great increases in force.
” ® -
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HYDRAULICS -~ SYMBOLS -
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Performance Indicators: .

- A

Goal: -

4

The appreﬁtice will be able td‘identify- 2 1. Identify basic symbols of

« .and use common symbols®f the hydraulic . hydraulics.
field., L _ ) _ .
‘ ® _ 2. Use symbols in drawing a ' ,:ff
\Q\ . . ' hydraulic system. ,
N \ 4
L]
" . 11
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Information

Anerican National Standard Institute graphical study for

" Types of symbols used in_drawir@ circuit diagrams for fluid power .
systems are pictorial cutaway and graphic. . | ' ) ' |
| Pictorial symbols are very useful for showing the intercomection
of carponents They are difficult to standax;diie from a ﬁmctional basis.

. Oatamy symbols emphasize construction 'I‘hese symbols are canplex
| ./to draw and t:he ftmctions are’ not readily apparmt: , ' | ‘
. Graphic symbols emphas:.ze the ﬁmctiort‘ and methods of oomponent
operation. These symbols are simple to draw Canpment functions and
| "methods of operation are obvmus Gfaphical symbols are capable of
crossing language barriers and c,t{n promote a unlversal understanding of

[

fluid power systems. |
' Elementary forms of symbols are: -
‘A. Circles. : ‘ - ~7 |

. Squares. = - " . :
Triangles. - T
Rectangles. | t SN //—. :

B

C

D

E. Arcs. o N .
F

G

H

Arrows. v . ) * :
Straight lines, : : SRR
_ * ' . -
DOtS. ' . v . .

- . - I. Crosses,
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1. Envelopes are used as a container to show symbolically the
| flmctibns and methods of operation of ‘fluid power components.

2. ‘These are common symbols used in fluid power systexhs.

OOMPL ETE . R s TN "BASIC .

FILTER — —

K : PRESSURE RELIEF VALVE

HX .DiRECI'I.Ol\IALCONI‘ROLVALVE.  _ ;

ACTUATING CYLINDER -

l\»» — ELECTRIC MOTOR S— %

4 E' | ¢t - o $ -. . : by




s A INSTRUCTIONAL LEARNINGSYSTEMS™ ~ ' ... . &
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a . : ‘g,mﬁ e ' ‘ cv-..- . ) LAV ‘ S @ '_:!’ ," C

1. Using graphical symbols, arrange each?cm.lbpn_ent in seqﬁence T e
as it would appear in a basic hydraulic system and name each component.

&

Letter . . Name




1o . I T
o f . - . "o '
. ) L4 !

-

ERIC
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)

Reservoir

-‘Filter
Electric motor - _' L
Prés’sure.relief valve

G - Directional éoﬁtn:gl valve

‘ A A Linear ac':tuating cylihder

s -

-




SELF ST

Identify the following graphical symbols

E. — -
l {
] ./.4
.=
T
G‘. y o
'

o . .
]
A. )
.;' f
/ L -
B.
&

N (08
ENVELOPES

P




B. Filter. -
D.' Relief valve,. |

E. Directional control valve, ¥

F. jLinea_r actuating cylinder.

G. Ele‘ctr?fc motor. K .

.
]
’
’
»~
"
] . -
L J
¥
“
-
4
” * 4 '
e >
—_
o
L]
)
J +
[ ’
* L]
#
‘o
lA
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BN Assessment

POST-TEST | N :

,1. Draw each envelope in proper sequence in the system.

)

N )
. oa ) ' ‘ ! s
-




Reservoir
Flter ~
. Electric motogx

Pump

Relief valve .
Directional control valve
Linear actuating cylinder
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Goal: = | Performance Indicators:
( |
!
The apprentice will be able to describe 1., Identify components: of a’
a basic hydraulic system, -4 7 hydraulic system. | ‘
. 2. Describe purpose oi each -_ / 1
. component of a hydraulic o
/ ‘Syskem.

N
-




HYDRAULICS

~ Basic System
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-’ There are three basic methods of controlling e‘nergy; mecharuical,
f e - electrical.and fluid-poWer. Most often they are -combined for the most
| effective usage. - Both mechanical and fldid transmissions have : Y ‘
been used for thousands of years and these Past two hundred years have S
~ seen man harness and use electricity. - o 4
- Fluid power is by far the most effective means of pover trans-
mission. "The purpose of a hydraulic system is to transfer energy from
- one place to aﬁother. §With hydraulic lsystem__s,- large forces can be readily
( . - ‘applied and easily controll:ed.. Compared to a mechanical system or electri-
| cal system, a hydraulic system 1s simple since components can be located
‘wlth greater flexibility A hydraulic system is effecient: and economical
to yperate because power éandpfrictmn losses are relatlvely small ‘and wear
on moving parts is greatly reduced. In addition, laxge forces can be
simply controlled by much snaller forces throughout an infinite range of .

; Speeds ., ) o .
All fluids ‘and liquids‘have certain characteristics. The orihciples
of hydraulics are based on the following facts: |
A 1. A fluid has no defmite shape ofpits own biit, conforms to the ’
shape of its container. | \ ’ .
2. A fluid-will always take the path of least resistance. . 1,
. ™ 3. A liquid unlike a gas is nearly incompressible wvhile a gas .
. is highly compressible, An 0il can only be compressed to 1.2 percent

.- of its total volume At 3000 psi. - C e




LA
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.
Reservoir B . ' - Cylinder ' ‘
The basic hydraulic system consist of the following components:
Y A. Reservoir-tank..
B. Filter-strainer. ol -
C. Pump. ot .
D. Pressure relief valve,. ' "
E. Diréctional control valve. " "
F. Actuators (cylinder or motor). - *
G., Prime mover.
H. \"Conductors: piping, tubing and hoses.. '
" The purpose of the reservoir is to store the oil which is the
energizing medith of the hydraulic system.
i .
\J L 4 .J
. T 2



’
vy
’

~ the fluid.

"k'; .,' . ?,-.,._' . . » 'h' R ) o - , ‘,~."'|'."' '\"'.‘/, ,"‘.-.'(.'.'!“ ' " "" .

The grimary purpose of -’e filter-strainer(is to keep the oil clean

by filtering out contaminants from the fluid £l through it.
W The purpose of a pump is to convert mechanical energy into_hydraulic |
energy by pushing the hydratlic £luid into the systém. '

.

The relief valve's purpose is to protect the system from excess
pressures by limiting the systems maxinm presglre. Ty .
A di;réctional control valve is used to control the direction of '7/

e ad . -

flow of oil. from the pump to the actuators

—~

The primary purpose of an. actuator is to convert hydraulic pressure

¢

into mechanical force and motion.. This is acoomplished by the use of«a\

"hydraulic motor or a cylinder.

The purpose of the prime mover is to cort{ert mechanical enexrgy by

: rotating the hyd:caulic: pump drive shaft. ’I‘he'prime mover is usually an

) electric motor or an internal oombustion engine v ' ‘_ B

Conductors are used to oonnect: the oomponents together and confine

*

» . B : -




i{‘(. ". ;01.-,- ,. . ” IR .: ‘.’..v\ "'“'.' » " .
| o “~This is a cutaway diagram of a basic hydraulic system with the
graphical symbols shown along the side of ‘each cutaway component. *
SN ) | .
(
Al 1B
I\
ik )
pl Ty :
a2 - J—
2277  oirEcTiONAL \ \
J | j:::; CONTROL _

VALVE
- \ = &L/—\ | S . -
neusrl -~ 151 t ‘ T*T
VALVE - . ,
4

e : = || | |
oo, Fp e 2

- — — =5 - CYLINDER | -

il

— '
RESERVOIR |
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. Name the components™in this system,

{
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A. Pump. .
. ReﬂerVOir. . |
Relief valve.

]

F. “Conductors.

'

B

c

D. I)irect;ioml control valve.
E., Actmating cylinder.

'O

2.
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‘ 3 By ,using arrows, show the. direction of flow from the reservoir

-

.t:hrough the pump and re{ief valve to- the directional control valve.

NOTE: Directional control valve is in neutral position

o .

! . L | ) POST-TEST v | :
Lo | - \ 5000#
v A | | :
” .t ‘
i} 2 ) / "
1 ’
. | 2/ )
( )
@ k) B~ u
) ‘ | i 7
3 ' U
J L1 | l] L
; L 5 v
1 <~
P-ﬁf"*—.—"‘m“"“
. 4
. ) ‘ xo
1. Draw,”the connectmg conductors to all system components in
_ their proper sequence
o Xou\are to 1dentify each component in the system and list each
., nd!hé on the approprlate line. ' (—\
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HYDRAULICS -- PUMPS =~ . .

Goal: . - - | Performance Indicators:

¥

The apprentice will be able to describej?_ | 1. Describe vahe;type pumps,
the hydraulic pump types and operation. -t

f 2, Describe gear type pumps.

3, 'Describe pump operation,
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DRIVEN SHAFT (DRIVEN GEAR)

 INSTRUCTIONAL LEARNING SYSTEMS L e
N . Ty , -0). . . .i . . .“‘ . “ . ! ‘ “‘ ‘ i I '
’ . “ , 'k A Yy " . - 'y ‘- E ‘» "' . L \" ’ .-,." .\ e e Y .’..‘ ) v o o “ o Lo
Information | "
. _ *. . ' ’ . ' T oy

| - ANTERNAL SEAL - ' ' v
, * FORMED HERE

| » -

[

DRIVE SHAFT (DRIVE GEAR) |

P

OUTLET

INTERNAL SEAL -
FORMED HERE ;.

PUMP HOUSING !

-,

.

'The purpbse of a hydraulic pump is to change mechanical energy
into fluid power energy by pushing the oil through the system. There r

are several types.of pumps used in hydraulic systems but th@d most widely

used pumps are géar and vane types. ALl pum;;s used in hydraulic systems
are positive displécanent type. For each revolution'bf the gears, oil\

is trapped be;tweerl the-gear teeth and hous.ﬁxg and is carried around the'
outside of the geérs. As the teeth mesh against the outlet, the fluid is : .
forced out. Pressure is created only when there is a resistance or a

complete blockage of pump flow.

-

L4




Y R YRR e v

\- o SHAFT

" BETWEEN RING AND

YANE TYPE PUMP |
CAM RING SURFACE

.
"

/2. 1S CARRIED AROUND ( ROTOR
RING IN PUMPING CHAMBERS

" PUMPING
CHAMBERS

INLET =

\\
™~

1. OIL ENTERS AS SPACE 4

3. AND IS DISCHARGED

ROTOR INCREASES / AS SPACE DECREASES.
o~ CASTING . VANES

'\- A vane pump consists of a glotted rotor splined to a drive shaft [

. and tums inside a cam ring. Vanes are fitted into the rotor slots and

£

/

- displacement type pumps. | .

follow- the inner surface of t\}}p. ring as the rotor turna. Cantrifugal
force a’xd pressure under the vangg hold them out against the ring. Pump-

ing chambers are formed between the vanes and are enclosed by the rotor, )
the ring and tm\side plates. These plates are usually called pressure
plates or wear plates. | | “

Thewbasic operating principle of var:e punps is illustrated in the
drawing above. At the pump inlet port, a partial vacuum is created as
the space between tfle rotor anc\r ring increases. Oil entering here is
trapped in the pumping chambers and ‘then is pushed into the outlet as |
the space decreases. ‘Vane pumps, like gear type pumps are positive

-

. )
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o Assignment
: e ’ L\‘ : ' .\ .
-

)
. \ |
(o
1. What is the purpose of a hydraulic pump? |
2. Name two major type pur';ps used in hydraulic systems. ' \\ |
3. How doesla gear type pump create a flow of 0il? - |
4. Label pump inle\t, pump ‘outlet and indicate where internal | ‘'
‘ ~ seals are formed. |
.' | . ‘ 5. Use arrows to show fluid flow thfoqgh the pump and-the
- ‘direction of gear ro‘t:‘;ttion. ’
AN -
‘ \ | : 57 | ;.
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- ’* Job Sheet

‘ .o . ) .
If available, disassemble a gear or vane type pump. Lay all

parts in an orderly mammer to make it easier for reassembly. _
Identify all parts of the pump. Reassemble pump. If a test bench is

: 2
available, test pump for prop& flow and pressure.

(‘ - . "
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'<. Post
Assessment

1. Label the pump parts

‘- .
P, " 2t M I S
. .

"0:' e N P :4.' [

N

-

i~dicated by the mubers on the drawing.

A.
B ,‘d&
c. '
v D, - .
‘ 2. Use Slrrows to indi(,b-».- direction of fluid flow through the
| pump and shade in the sealed ars: of. the pump.
‘ ‘ %raw a graphical symoc. of a hydraulic pump.
BRE
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HYDRAULICS -~ PRESSURE’RELIEF.VALVE

8.6

ﬁ

Goal:

The apprentice will be able to describe
a pressure rglief valve and its function
in a hydraulics system.

. Performance Indicators:

G

1. Describe the purpose of 'a
pressure relief valve.

‘2. Identify parts of a pressure
relief valve.
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The relief valve is found in every hydraulics; ‘system., ‘It'is;a'i' :

- In

the reservoir. ' A

the system ‘pressure is decreased.

" Adj.Screw
" Locknut

INSTRUCTIONAL LEARNING SYSTEM

. normally closed valve cannected between the purp pressure outlet_f@d

Its purpose is to limit pressure in &ue system to a’ .

» maximm by diverting some or all of the pump's output to the!, tank ww SR

the pressure setting is reached. The relief valve cmsis:é' of a ‘hous-
ing, spring, poppet or ball, an adjusting screw and..l.odmlut':.,' : A |
B; turning the adjusting scré.-w clockwise, the sys'tl:etiﬂipreSSLme "

will increase. When the adjusting screw is turned comtei:clbclw;ri,se

pre-set . *
i ;

s A e mem iy e

e e ——

b

Strainer.| -

\_ Pressure

Parts of a pressure relief valve.

Thizén'éhms the ‘co.rrect 'Vpllacement: of
a hydraulic pressure relief valve,
plumbed'next. to the pump/and ahead

of any valvingj;h thé system. |
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.and name all internal and extexnal parts.
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1. Disassemble a pressure relief valve if one is dvailable
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L

ASSESSmEnt |

SELF-TEST : \ .
L “What 1s the purpose of a hydraulic pressure relief valve?
2.. " Where are relief valves placed in the hydraulic system?
\
3. . Name all parts of thig relief valve . d
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Goal: Perfé;mance Indicators:

‘ﬁ* . . /“‘_*.
The apprentice will be able to describe 1. Identify barts of  an ’

oil reservoirs as part of a hydraulics oil reservoir.

systems. , : .
‘ : . » 2. Deternine size of oil

B ) e reservoir needed,
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There are two types of reservoirs used in hydraulics, vented and

pfes_suxized. €he primary purpose of a reservoir" is to store the fluid
.« for the hydraulic system until called for by the system. A typica].
- industrial reservoir is constructed of a welded gteel sheet: .
A reservoir tank should contain the following parts:
A. Air vent | -
. B.  Strainer l' . .
C. Baffle S . ~
( D. Fluid level indicator
. E. Drain plug | o | f?':-?.’l" | PR
By rule of thwmb, a reservoir should be sized to hold from two
‘ to three times the pump output in gallons pér minute (gpm) of pump
de].ivemy.“ Tank size (gallon) = pump gpm X 2 Or pump gpm X 3. e 3

. FILLER CAP .

OUTLET TO PUMP\\

MOUNTING PLATE .
FOR ELECTRIC MOTOR'
ANOPUMP | |

t

AIR VENT!

oIt
LEVEL
GAUGE ——}

“n

|~ CLEANOUT PLATE

ORAIN PLUG

. . BAFFLE . '
’ Ly : N INTAKE FILTER SCREEN

References: Use other information to increase your kpowledge of reservoirs.
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1. Identify the numbered parts of the reservoir
o ‘ 2. Indicate thespurpose of each part.

- Part Purpose . %
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v

{ | I | . :
h - Matching--Place thé mumber of the proper term in the blanl to
) the left of the matching ste;tement . R .
* , N | . ) ‘
___A. Stores system YTluid . B 1. Intake filter
___B. Makes possible removal of contaminants 2. Air vent 1
' \
___C. Separates return fluid fram that 3. Sight glass
ent:erigg pump and prevents surging
( . . D. Allows atmospheric pressure'.to enter 4, Reservoir
_ E Indicates fluid level in reservoir 5. Baffle
. F. Removes small particles from fluid 6. Drain plug
v ___G. Connects reservoir and cylinder 7. Cylinder " /\ |
0 L
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Assessment

J

1. List two ﬂmctims of the reservoir other than storing fluid.

A | 4. '. f'p | \

B.

| 2. l;s—i%\the draﬁng at the top of this page, sketch. in the
‘ following: o | "
A. Qutlet to pump
@ B. Baffle
.. G. Retum line-e : v S
"D Intake strainer
E. Oil 1eve1 indicator ‘ ' :
: F. Dram plug | |
i . G. Filler/breather
- ' 3. Draw a praphical neservoirl symbol with a line below fluid level.
. . RN |
, . \, : . . o
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44

OIL LEVEL GAUGE | '
CLEANOUT PLATE |

L)

STRAINER:

- DRAIN PLUG|

( ‘ | | | . \BAFFLE|-

1. A. Helps clean the oil.

*
B. Dissipates heat from the fluid. }
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‘ HYDRAULICS -- DIRECTIONAL CONTROL- VALVY
-
!
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v Goal: - . Performance Indicators:
P . :
) '
Thye, anprentice will be able to describe - 1. Identify parts of a directional
i directional control valves. control valve, '
2. Describe the purpose of
5 directional control valve, .
8 f
o
S
\
+ b
) }
@\
- 'i‘ »
"
o




v

A ’ INSTRUCTIONAL LEARNING SYSTEMS

D 4 * . 1] v v . ] . ]

;'“3 . . | ' .‘-‘.‘\‘ y '
.. Information

\
|

A . Directional Control Valves

‘

| : HYDRAULICS ‘ :

CONTROL LEVER

BODY
N
‘@ |
o
' SPOOL VALVE N —e—

TO RESERVOIRT L

TO CYLINDER PORT

| o FROM PUMP
i |
o /
/
)
N .
.. -
R '
.o o :
’ '

TO CYLINDER PORT




v 0 ‘ y

* . .

' A} 8 v, . . . . . . . . LI " '

\, . - . . ] } . -

¢' LI L ! ' [] . [ I} o [ R B 3 B I} ' LY . 4 | I [ ‘e . .
. K . . . ! . . ' . . . '
. . ey : . . . L4 .

y (’ ' . 'K . '.,b T Y e "" U R A S "' ."'v" ’ ~ N B L T P f
Y . ) . .
. - ~

The primary purpose of a hydraulic pump is to create a flow of
oil. This flow of oil must be controlled. There are three types of
control devices: diggctional controls, flow controls and pressure

controls.

A di'.ré‘ctional control valve is used to direct the flow of oil __

-

from the pump to the actuators. There are two types of directional
control valves (sliding spool and rotary): The sliding spool is the -
one most comonly used in industrial fluid power, L o

CONTROL LEVER

. \ BODY  LAND

N\

N\ ,\

TN
-

. ~sPOOLVALVE \ | | [ & ) M— & | .

TO RESERVOIR

*

N\ ,
| Fdy J 4 N

TO CYLINDER PORT B TO CYLINDER PORT A
- ' ~_FROM PUMP ° .

4

T

. ' ¢
] .

. References: Use available mt&hls for further information

\ .
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LEARNING ACTIVITIES
L o . ”a.
1. If availahle, disassemble a directitnal vilve control and
identify parts et\ \ S e | \
2. Trace fluid flow d-irough the' control valve.
3. List the name of the pal.:ts:
A,

B,

C. | | \

. - ®
’
_— ‘ L. Shade in fluid flow through the directional control valve.

2. Indicate direction of. fluid'flow, using arrows.

L o . 76

e Y 3 o o - e T T
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Assessment |

SELF-TEST

z L | | A
\ 1. T __F__ The directional control valve changes the direction
v . ' ] - : _ : . . ) ’

" of fluid flow.

2. On a directional _hydraulic'-c;ontrdl, thc; valve mmlSer'of
ports open at one time is: | a | i
a6 A
B, 4 . ”

o 2.

( . D. none . .

3. What is t:he purpose of a directional control valve"

T ey s e i e+ e o s mme Tl et v -t oy

4. What type of directional walve isv,-used to reverse an actuator?

5. Name two types of directional control valves. '
. \
{

. POST-TEST

: L Draw a directional control valve and indicate by arrows, . RN
g ' fluid flow/\.vgh the valve. o S
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' 1. . .Pressuréd flow to cylinder port {B". B B

2. Retumn flow through port "A" to tank.

CONTROL LEVER, R

5! ~ BODY LAND | . //

==}

\
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/

'SPOOL VALVE | v\ 1
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8.9

Goal:

The apprentice.will be able to describe |

hydraulic cylinders.

2. Describe double acting cylinders.

Performance Indicators:
v f . o N

1. Descxibe single action cylindérs;“\

3. Describe balanced cylinders.

4. Computevtﬁe force.of g cylinde(.

LR
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. Information

-~

. The actuators do the work in 'thé -hydrauiié system. They convert
fluidwenergy_ to n;echahical powe:c.~ There are threé types of linear actuafors
used in fluid power systems. Sing ‘ -acting, double-acting and balanced
cylindef‘s givg force in both direetjons. Pressurized otl is admitted ‘
first at one er;d of the cylinder then at the ot_hér giving two-way power. - \

A movable piston 'slides in a cylinder housing oxj barrel in fesl\)onse ' o
N to pressurized oil entering thg cylinder. Thg_'pismn uses pécl;ings or seals
( . | to prevent leakage of the oil between the piSt;;l and tﬁe cylinder wall.
| Leakage past the piston rod is prevented by packing in the cylinder end
- cap. The speed of a cylinder ié dgtermined-by‘the size of the actuator
andthe quantity of oil pumped into it. -
'The volume of .a cylinder can be found by tmit@plying t_:he cylinder

length times its area (V = L x A) which will be in cubic inches. There are . L
231 cu. in. in a gallon of liquid. | |

* | -

. . . \




OIL PORT . - | "~ OILPORT - - %

MOUMT - \ ZCYLINDER HOUSING

PISTON ROD . '
7 ﬁLA
i \\ROD SEAL - |
REMOVABLE END} -‘ k
PISTON SEALS - o .{

‘. .
®

3}

R4 " X N
The act_uators do the work in hydraulic systa'ns They convert

hydraulic ene:rgy into mechanicaL power : Act:uato are either rotary.
(hydraulic motors) -ox. linear (hydraulic cylinders) ,_' Linear actuators s

S , ] .
are sinfle-acting, double-acting unbalanced or-double-acting balanced.

direction only. The actuator can be extended by hydraulic pr.essure but /

N -

- pressure., l‘he force generated is greatest when pressure is applied to the
] . v I ’ .

n
* ‘

mn _ I_u . J f'" n_l
* .
( T ‘ . ]

SINGLE ACTING - . DOUBLE ACTING| . DOUBLE ACTING
| UNBALANCED ~ " BALANCED

(1] 5 N
*® . .
K .

. In a single-acting cylinder, force is created hydrapiically" in one

will retract. under its own weight, the load thergon or by spring tensmn

Double -acting cylinders can be extended anél retracted by hydraullc.

piston gide of the-cylinder In-a balanced cy'linder the force is equal

.

“on both sides of the plSLOl’l because the areas are equal )

,1“' '
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"' To compute the amount of ‘force that ‘a cylinder can generate at' a
’.‘. [ T 4 a - v ot S t ' [ S -" [ "‘- (¥ . wto
' tgiven pressure, use the followingf ula; Force = Pressure x Area (F = P x A).
EXAMPLE: Piston area is 12.5664 sq. in. Pressure is 250 psi (pounds per
square inch). Substitute. Force = 250 x 12.5664.

- . | ” o . .h R4
. .

.‘d , ( |

: . " o »
| ' F = 3,141.6 pounds or 3,142 lbs. (
{ 1‘ . "-:',‘ g
} ! o
) v

~ 4 '
‘o |
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‘ N
4 ”\ .
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j - LEARNING ACTIVITIES
. “\ ) .‘ o

' , 1. Examine a double-acting.cylinder and identify the paft:s '
i ) , . . ' &

‘ shown on the information sheet!,'& ~ - |

: l

2. Label all parts of the cylinder shown below. - . ) J

( ® 3. Insert arrows in the drawing to show fluid flow in and out of
the cylinder.
4, Name some ‘places that use this type cylinder.

DX B

A S _ » LSS,

239 )
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INSTRUCTIONAL LEARNING SYSTEMS _

N

i

Obtain a cylinder, disassemble and examine the parts,

N

Measure the diameter of the piston. : | P

-~

Measure- the diameter of the pistof rod,

b

3
4, Measure the inside length of the c linder '
5

- Compute the pushing force force of your C}}{iqder if the apphed"‘@-

‘pressure 1is 375 psi (F=P x A). \,\

6. Compute the volume of your' cylinder on thesextended Slde

V=Ax1L). .
( ) e
Volume = Area times the length of cylinder -
v /.
¢« |
‘ :
AREA |
- — LENGTH —
) V=AxL

"
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Assessment

| | ' SELF-TEST

-

.\

1. T _F_ Cylmders convert: mechanical power to fluid power

> - 2. cylmders which are * . ~acting glve force in both
| directions. - |
3T _F_ There must be two hose cornections on a double-
actilig cylinder, | |

»~

. .. ‘ fills the chambers on either side of a double-

. - acting cylinder.
5. Name two types of linea-r actuators.
6. What is the volune of a cylindsr if its area is 7.0685
| and its length is 22 inches? _ b 2
' 7 I{, the same cylmde.r has an area of 7.0685 sq. in. and the -
‘ applied pressure is 1599 psi, what load, can the cylinder move? Force =
Pressure x Area. 7.0685 x 1500 = | -

§ . . ¥
.
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Assessment

(9%}

W

Namm)three types of actuating cylinders.’

. Draw a graphic*{,symbol of a doublg-acting cylindér.

. What is the primary purpose of an actuating cylinder?

R S Y 2 NS

« POST -TEST
. - s ’
"
! -
‘ ) -
.\ " ‘ . - ~
" \
’;f‘ . DDA AAANIANNANM AN ANNNANIANONNANNOANSSANNT  © BANAN
i ~ — -
S‘ .
. \
. '
- *
.. 4
1. Label parts and explain purpose of . e¢ach.
2. Show fluid flow in and out of cylinder. .\\

¥
] bf% .. ,
T
- | \ i
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KEY TO POST TEST ' .

d.
). , | - - ‘ ! - N . N

7/
OlL PORT . &  OIL PORT .
- \_ . PISTON N ‘

LLATAZAN1LLLIN LI LVLR LA RTRRVERRUVRRRR AN <~ PISTON ROD
» . LI Lo R .».- o ‘ - . .

desistont 1 St

el —

- E -/" . | S .L ~ ROD SEAL

MOUNT . \ CYLINDER HOUSING REMOVABLEEND ~ . A
‘ PISTON 'SEALS ' |

L.
» . -
. , . )
2 ( :
r, . ‘
. . ) :
-
w ’

e

Full Tt Provided by ERIC.

J o o | \

\ERic




e

HYDRAULICS -- FORCES: AREA} PRESSURE

i

O

P

. -

8.10

‘. ‘.f"t

[ -

T

Goal:

“~,

. ¢ -
Performance Indicators:

The appréntice will be able to describe 1. Galculate ﬁfessure, force and
the relationship of forces, area and ~ area.
pressure in hydraulics. ' '

2. Sketch simple hydraulic’bystem.
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- .In a previous unit mechamcal levers. were discussed and some

e:carxlples of how man uses fhese devices to increase the force he/can  **

- exer't wexre glven A good example of how mebhanical 1evers and g&xdraulic

.}

( i . levers can be used to increase.the force man can ex.ert: is obv:l/ous in a

‘ " gmall! hydraulic Jack A drawing may »he!lp us understand tbese two levers.
* ' . , - - . ;{,/ o ' ( '
< )' .
| © . MRVENT I ~ [1000
| ® | S
- : N
R §
’ \§ : ) ~
N N
. ; N-—AREA
: 50 PSY y—aRe INLET
, CHECK
. VALVE
‘. , K
oum'|

, —— — . ) ‘ PUMP CHECK | L,

- "";J"‘. ) ) | . I S . ) . VALVE .

e.; .} N l ) :‘

N Lo et i ' .
', B . IR L




" F (Fofce)—---;---po

P (Pressure)-~----- PSI
A -(Area)—s_cpme inches
F . 500
P = K or 50 —1-0'

FsPxA -

‘ il‘he one‘square inch line
at the'pressure gauge has
one~tenth the area .and

. References: as available .

 pressure of the large piston.

¥

-"l- ')"”"' \' ] . - o w v, g

.
o

P
Caem oy R I ] P \ v . .
1

Drawi.ng of hydraulic jack gystem
(pressure gauge for illustration only) .

The mechanical advantage of the
second-class lever on the pump allows -
this system to lift heavy loads erth a
small force on the pump handle.

The pump handle will have co{ be
moved up and down several times in’
order to move the larger piston a short
*distance.

‘Forty pounds of force on the .purlpf“handle
will lift approm’mate]y 1000 pounds at the
cylinder. ¢ -

-




INSTRUCTIONAL LEARNING SYSTEMS

(. e  LEARNING ACTTVITIES .

~

A, Exandne hydraulic. jacks of.different capat1ties such as -

1% ton, rr5 ton and 10 ton to observe the dlfferences in construction
;;2. Measure the small and large pistons of these jacks and

compare their Qiaﬁeters,‘ ﬂ ) h .
| -f3. Observe the handles for each jack and detérnﬁne the -

' advantage of 1ncre831ng the length of the handle from the fulcrum,

| 4: Measure the travel on the small piston of a Jack and

| compare that travel with that of the large piston.

¢

F = Force or load and is meaéuredirr

pounds (1lbs.).
. } ' . P = Pressure 1is measured in
. : ’ pounds per square inch (PSI)..
'.AZ///’.P A T\\\\ A = Area which is measured in
L - square inches (sq.in.).

= P ¥ = =L... '
F=P%xA P=—p A=t |

If any two factors are known, the third or unknown can be found.

4

~d
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' 1.  Sketch the hydraulic system for a small hydraulic jack to
include: - Reservoir I ' o

- Conductors J - | S

- Check valves, | . -

- Actuator (large piston) * ’

2. Froqx the mskef:ch below,” calculate:

-
.
’ »
800 N
“
Ibs. N
FORCE\ - '
(- - - '
NN \\\\\§ S\\\\\\\' NS \\\\\‘ L

R 3
N N
N N
N N
N . N
N & \
», N

} { AREA 45 PSI N AREA
| N N
| N N
| N . N
N y
N N
o \ s
\ .
N . 9
N N
N . N
A s \ N




‘ INSTI‘RUCTIONAL LEARNING SYSTEMS

“ o SElf ]
Assessment

L.

" 1.- T __F___ Suall hydraulic jacks have reservoirs. -

. 2. T " F__ The mechanical advantage of levers makes it
possible to lift heavy welghts when combined with hydraulic principles
- |
3. T __F_ ‘/ valves prevent fluid from backing up in
the system. o
y
( 4. . T __F The punp piston is usually the same size as
' . the actuating piston. | ¢ |
| 5. If force equals 400 pounds and actuatring piston surface
area ‘equals 10 square inches, the pressure equals
o © 6. If a hydraulic¢-5ystem has a pressure of 100 psi and it is ‘
‘acting on a cylinder hévinghj-an area of 18 square inches, the force
would be 7 o - LT -
| | ‘ v 'sqT 0081 9 \
. - ?sdov.-g . "
| 9STBI 'Y )
. 1 ¢
A
’ 1

'y
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1. A. Reservoir
| B -H.yd'raulic lir}e‘s

.C. Check valve,’ (inlet) pe ‘

: .+ . ' ~
- D. Pump '

E. Check valve . V
. F. Actuating cylinder-ram ‘

G‘.? 'Préssm:e gauge
2. Mast confonnl.to F=PxA.

3

Ju

@

BEST-COPY AVAILABLE
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i g os FERIE
' ‘l St:artlng with the reservoir ‘list the components of a small
] hydraulic Jack in the or)ler they are arranged in the system. / .
A Reservoir . N B
A} . 'B. . . N ' -
C. * -
.' : " ‘
D.. a [
’ ..E' . . -
. 3 C
F.
- ‘A )
' ( . , 2. On the outline belaw, éompl‘e_te the system and include force,
. pressure and area to show a bqiamced system, - -
. : ’. :
. . °
,* St .
. -~ ’ Y] . ,
b . > M [
] . ,: RN . " ']
f * s '
+ b ’ -
‘ ’
J f 4 o
TSR * \l( ' >
R A Y . \f,. \
3 . e R ¢
y .
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Goal: o ~ | " Performance Indicators:

The apprentice will be able to describe 1. Describe types of conductors.
conductors pnd connectors for hydraulics,
' : 2, Describe connectors.

“ o 3. Describe correct nethods of
installation, ’

. ., ¢ A .
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: ~ FLUID POWER CQNDUCIORS AND CONNECTORS .
AND METHODS OF INSTALIATION .

>
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Information |\ _/.

INSTRUCTIONAL LEARNING SYSTEMS

Y R e Y "-. ' N S Y L T MY WS (S OO
. . B . .

.The purpose of hydraulic conductors is to c:ontaln and dlsqubute
b

' fllll.d throughout the system; they include manifolds, fltt;lngs, tubing,

flexible hose, couplings and pipes. Cm.ductor's are designed to convey

flu1ds in requlred amounts with minlmum loss due to friction and leakage.
' Sy?ft spots in flemblé hoses under. pressure will be indicated

by buigmg at the weak point. This will give an indication of possible

failm:é at some future date. .In this assigmpent you will le,arn the

correct and incorrect method of fluid power conductor mstallatlons

~

/ , .
. ’

AVOID TAUT HOSE " avoip TWiSTING - " .

)

WRONG

WRONG

1oy o . J



;v " Fluid power ;conductors are ‘fabgicat:led ‘from steel tubing, steel

pipe," flexible tblses as well as’ plastié and other synthet:i.c..materialé. '

-——

ERIC

Full Tt Provided by ERIC.

Pipe and tubing is measured by their normal outside diameter (0.D.) and

- flexible hoses are measured by their inside diameter (I.D.). Tubmg

is available in 1/16 inch increments from 1/8 inch to one inch 0.D. and

in 1/4 inch increments beyond one 'incl}.

.

- Tubing, unlike pipe, is never sealed by. threads but by various

kinds of fitfings. Some of these fittings seal by metal-to-metal contact.

They are known as compression fittipgs and may -be éith:er flared ,n‘r-

flareless type. ., . -,
= . ¢A~ .

. Rigid Mole NPTF Hose Coupling” :

. Rigid Male SAE O Ring
with 3zdeg SAE UIC)
Thread Coupling

. Typical hose coupl.ings for
transition to hose, pipe, or tubing.

O-ring packing

. Y
Lock washer
p screw Y]
S }
T ] ] -
i1} '
R\ N : .
Fitting optional |, .

* beyond this point
Flonge fitting mating face
Section Y-y

Flange connection whth O-
ring used as sealing element.

7

S ()

- %' -
. Unitn Hose Caupling .
- 37-deq SAE(JIC)Flare ond Thread -

»

7 - E;;
.
.

Rigid Mole Flare Hose Coupling
37-deg SAEUIC) Flare and Threod

ARRARRLWN

N

sSLLLRRRRAR"

I

o

A
Y

N

S
N

27

AN

SN

)
NN

M

Three Piece Type Two Piece Type

Flare ° fittings
for hydraulic tubing.

(X2 ll gl'l I ' y
N A,
Inverted Flt)rg Type

BEST COPY AVAILABLE
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- . - 1. Label the correct aild incor;ect routing of hoses Mark
correct routing wit:h a "C" and Ancorrect routing wit:h an "l" -

-

. . ’ T L . : ? i _— . - 4
Lo . ’ ' ' ’ . ] / = _" B o .
- , : . e ) :

1. AVOID RUBBING -~ s
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- LEARNING AC[IVITIES = " .

- -~ »
. .

. ’ w'l N -

SRS LI Ll IES avallable mspect a hydraullc system and 'with available

-

. refererrces locate. and identlfy the followmg fluJ.d powet conduct:ors and

\ - ‘

fo oornnectmg hardware s

| S : | L *A. Rigid plplng -‘ L - ‘F . _' , |
. ,,_;_.. S ..B. Tubing. ) | o o .
\ ‘ - G- Flexible hose. | ‘ o
' D. Union, hose coupling.
y ) " E. Rigld male flere hose coupling. - | . .
< " . Flange cormection, | o ’
o G. Three piece t};pe flared fitting. .
’ 2. If available,.'us:a an op‘er.z%ting hydraulics system and check o ) ‘
"i- for the following conditions: I ‘ "
T ‘ - _A.' I‘:Lttmgs for leakage at hydraullcs components
' B. Tubing for proper mstallatlon S i
\ o \ C. Flexible ‘hoses- for Kinks or twists. Correc"t if necessar;.
4 . ' . D. Hose not exgéSsively tight '(stfetched).. . ~ .
® v , : L
” ] ™ ‘ o ' e ' “’ T
= ‘. 103 - S

- - o






lNSTRUCTlONAL LEARNING SYSTEMS
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Assessment

SELF-TEST

1. List two troubles that could be encountered: -

A Ofl lines - 1. R
| B..Filters , - 1. .
, .

| 2. .T__ F__ Hydraulic hoses should be installed'énd tightened s
( wtil taut. " N o S | |
; . ) o 3. T _F Puttihg a twist in a hose will make it last longer? '
4. T _ F Hydraulic hose is used 1nstead of tublng e that

o sharp bends can be made. 2T
. 5. T F_ Metal tubing should be installed with a bend in
it to allow for expan31on and contractlon | _v o '
.6. T F_ Pipe threaded fittings are sealed by thread 1nterfer-"
~ ence, ' | ' | ’
N T 7. T‘ F_ 37 J.T1.C. fitting can.fnly be sealed by the thread-
to-thread method - |
~osTeq '/
o Lt . : ” BNy, 19
- - : T : .orenay, g
C - v l ' o C I 9sTey 'Y
’ . S o PsTR] - ¢
L. = PRI S ' | 8sTRL 'C
e N A 19311; paznjound 10wy ‘g ,
. L S - ‘93773 PRS3NTd T~ AT
' ‘l' Coo ‘ 5 ' v saury paawq "7 - \
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. INSTRUCTIONAL LEARNING SYSTEMS
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Assessment

( . | ' POST-'I'EST,, . .
N o ' ‘1. List four reasons for hose failure due to incorrect routing.
[ \_\.. . A. ’
B. -
C. : - o -
. .
) . - . D.' : .
. .‘t ’ . . ¢

(- : o 2.‘ " "List*two reasons hose will fail due to improper installation.
2 B '

3. Visual inspection of hydraulic systems can spot. such - .
- i

Y

troubles” as:

\
A‘. ¢ '
¢ . :
' - B.
C v
% ’ ‘ . )
. .
» 7
‘ .
. .
* ’ M > .
. Y
v
’ ~ '
’ 14 -
S - -
. .. rd .
‘o : . [ 4
° » nd '
o
-
' . N »
- . . «
.
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Rubbing. -

4
I R e o e b
KEY TO POST-TEST

'Sharp bends.

Too closg to heat.

.

- Loofs (hoses are too 1qﬁg)..

Too taut.

Twisted hose..

- 0il leaks.
Dirty or'plugged filter.

Loose. connections.
o
1 4
[ 4
y 4
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Goal: .’ Performance Indicators:

o '..L.‘ ' - .

y e

“ The apprenticeQWill be able to describe 1. Describe fundamentals  of '

troubleshooting procedures for hydraulic troubleshooting hydraulics.
. Ssystens, ) .
o ' 2. Describe testing procedures .

for flow, pressure, - temperature
. and load. >
® ] J ~
‘\f‘ ’ . L D '
w e *
N .. 1
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HMlC"TROUBLESHOOTWNG FLUID SYSTEMS.
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'If equipment fails‘to operate correctly, or 1if . 3
during routine maintenance, some flaw in the -
equipment is noticed (excessive wear in cexitain m
areas or abnormal amounts of oll consumption, etc. ) Z
the equipment should 'he checked to determine the cause ' S
of the problem and, df possible, correct the problem <
before it becomes a major overhaul. This lesson o ¥
discusses some troubleshooting principles and techniques. . 9
. %
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| Uporni successful completipn of this unit, the

student will be pble to:

1. List and discuss four tr bleshpoting

.

procedural steps -

2. ‘Describe a procedure for flow, presfure,
temperaturé and load testing of a fRuid

power system! , 1 \
) )
A+ Test a hydraulic pump.
r
w . )
' \

N

-
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' - 'LEARNING ACTIVITIES S /

-

¢

ACTIVITIES - .r " PURPOSE . | /
) . . /
. .. . ‘: . \ I/ L3
Ragﬁf" Information Sheet f1 . ’ oL {_ ;
‘ . , ' oL : hY /
" /' * . E ’ / ;a.v
Read: John Deere’Fundamentals of . : R - - / ;

Service Hydraulics, chapter : . : B \ /
on Diagnosis and Testing of o v N

' Hydraulic Systems " Addit onal hackground reading o /
. provides an appret¢iation, .

’ understanding and other approaches ;
Read: Fluid Power, NOPACK DIVISION to fluid power systems. o \
Galland-Henning Mfg. Co., R R ' ) /

.. «

‘Milwaukee, Wisconsin 53246 o A

/

Do+ Install a hydraulic tester in [ To gain experience in testing a
a system. Test the pump., - plece of fluid power_equipmenp,\

S

INFORMATION SHEET #1 \

TROUBLE SHOOTING ' '

Proper functioning of the hydraulic .
portion of every system is based upon
the maintenance of proper fluid flow
and pressure, .
Know the system
3
Of course, troubleshooting any system
, Tequires that you know the system and
how it operates. In order to realize
what to check, the maintenance mechanic
must receive all of the operating in-
formation--which component failed--the
soynd made as it failed, etc.

Y

Inspect the system

Inspection of the machine may show ob-
structions to working parts which would.
cause the trouble. Inspection could
disclose fluid leaks which might cause
loss of power. The general appearance

of the syStem may provide clues about

the trouble. Actuator rams or motors




Run the system

L

)
» , .

may be bent or damaged. ““This would
preven% further start-up. )

»
!
.

- \
If the unit can function, the mechanic

should start it up, being especially
alert to close down at the* first sign
of trouble that might cauge 1t to
damage 1itself. ' '

Check the s&stem

Since fluid %low and pressure operate
eveyy fluid power system, these should
be checked throughout the system.® If
a pump is producing pressure and flow,

1t does not- necessarily follow that the
same pressure and flow carries through-

" arg designed to provide different pres-
sures and flow rates in varying circuits

OTg/the system. In fact, many systems

in the sygtem,

A sexvice manual should be available
to provide the information for each
circuit. The 'service manual charts
will provide flow and pressure re-
quirements at designated locations.

Hydréulic testers which contain, at
a minimum, a pressure gauge, a flow
meter, a thermometery and a load
valve, in addition to a variety of .
connector sizes and threading adapt-
ers, are available. Some are more
elaborate than others, but the above
items are a necessity.

Since the pump 1s the heart of the
system, it is usually the place to
start testing when visual inspections
do not indicate something else to
check. The basic reason for start-

ing at the source is that, if the “

source falls, nothing Wworks. .As
you test outward, you can determine
where the failure exists and then
determine the cause of failure.>~

. L
In order to test the pm&n the follow-,
ing steps should be taken:

a4




/

~ 1. Relieve the presslire on the system.
. ' Pressure must be relieved before
disconnecting the lines because
built up pressure in the system may
! cause hydraulic oll to spray' over
- equipment and the mechanic.

2, Disconnect the line (the line that o
' drives the first actuator), Since
. we -are testing for flow and pres-
sure, we must use the pump S pres-
sure line

. o

3. 'Connect-tester input line to the .
pump add tester output line to
the reservolr.” Be sure the tester
load valve 1is open when the pump-
' _starts. We are testing the pump
only.. _Any back pressure must be -
- removed., Therefore, the pump out-
" " put should.be allowed- free raturn
i to the storage -tank.

" As the pump is started, fluid should move
freely through the test equipment. A °
service manual will provide the correct
pressure for the system at the pressure

. side of the pump. The load valve should -

then be tightened until the specified
pressure is indicatedfon the test pressure
gauge. .

Allow the pump to operate until the fluid
" reaches the normal operating temperatura
as speéx%ied in the service manual. At
this point the flow meter sthould indicate
. the specified pump output.
A pump may be further tested by tuyrning
the pressure to zero to record maximum flow.
Then, record flow at 250 pounds per square
inch (p.s.1.) intervals up to maximum system
“ * pressure, (Then, return load yalve to zero
pressure and shut down.) Be jspre all of this
testing 18 with oil at normall opefhtinn
temperature, v

[ ]

: ‘e
FLOW AT MAXTMUM PRESSURE SHOULD BE AT LEAST .
75% OF FLOW AT ZERO PRESSURE.
I'f the pump does not meet that criteria or
higher, the pump 1s not working properly.,
©If flow is low without system pressure,
.‘ then pv'x"hap? the oil flow between the

*




éeservoir and the pump is restricted. . .
ometimes low oil, dirty filter, restricted oo -

linea, air leaks, dirty breather, (blocked vent) . L »nj—jr'aw !

etc. can ‘cause thIs problem. _ . : f;
. ' h .— ' ’ N » il
. N < - ).

- Depending upon the syatem, pressure and &/ ¥ o 1.
. flow requirements may vary as the fluid . ' @ @@ By /
is piped to different areas. Small orifices . ) ,19' ot
cause less flow at the same pressure in pilot ’(:) (:)
areas. When this occurs, meters must be e
strategically placed to be able to match - ) ,
~. _ pressure and flow to the system specifications. :

. l )
It may bb{possible to have bne set of meters ‘ , .

D ..
- . ’ * <o L'\
D . .

permanently located for an entire system, or
it may be necesgsary- to have meters and gauges
throughout the more complex system (*). )

Pressure losses may be detected as various

circuits are activated. Restrictions or : .
clogs may cause pressure. to rise apd flow to B - ’ LI
‘ be reduced in a circuit and may require the. ' ; ’
latter system, ) | - .
~ NOTE: When testing, start with the main . ™
- circuit and ther, gradually, work o
outward until all suspected circuits
. have been covered.
If a service manual exists for the
machine, follow its directions for
v - testing,
' »
SELF-TEST

. 1. Proper functipning fluid power equipmetit is based upon-maintena e of L
‘proper fluid . N ,iif . _ . T
2. A pupp can only produce . A

3. In order to troubleshoot equipment,'fhe~mechanic must

4. The first step in troubleshooting is equipment ' .

5. If he starts the equipment, the mechanic 8hould be alert to

° — - L Frouble oceurs,
6., A 4 ) L » should provide intormation on pressure and -
. flow ratea‘ in 'differing circuits, \
- g ) )
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Hydraulic testers contain instruments to ‘test

/

\ i . * and i .

»The firast 1téﬁ to be tested is the

ry

4

JIf a line is to be removed, the first gtep always 1is to remdve the

. ]

N .
A \ . ﬁgu’
Flow at maximum pressure should eéqual at leas ‘
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at zetre pressure 1if bump'is in satisfactory condition.
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TROUBLESHOOTING FLUID SYSTEMS

N . ‘ N .
Using a standard hydraulic tester, chéck .prssure and flow at the proper

.tempgrpturexop sevgral circuits of a hydgﬁuliqﬂsystem.
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- POST-TEST  'Package Number1002-C
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"HYDRAULICS —- MAINTENANCE

- Goal: ' ' Performance Indicators: ‘
. / W ) - ) N
The apprentice will”be able to describe 1. Describe four wajor areas of
the fundamentals of maintenance of concern in routine maintenance.
hydraulic systems. ‘ ‘
2. Describe procedures for :

1nspec&f6h\q£&2ydraulie rams
to determine tamage. .
3. Describe procedures for

_changing oil and filters. -

s
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1001 -A MAIAN’I;EN'ANCIi OF FLUID POWER SYSTEMS - .

PN 4
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v .
Maintefance tasks arc. those activities : ,
- that must be donc on a routfne basis to , S A
provide the lubrication and upkeen o
necessary to a Smooth oparation and long

ejjuipment life\ Well~designed equipment - . ) ) )
will fail prematurely if regular maintenance . -
> .1s not provided. Gerieral maintenance * . :
procedureq are suggested in this learning ' M -
/" package.' Those specific to a particular « ‘
| device will be identified in the shop . v

} ' ' manual.”’ 4\\ ~
| y , -
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SR . - Upon qucceséful completion of -this unit, -
- the student will be able to: '
L 21, State four areas of concern in routine
C , - s . malntenance. v ‘
B . - d -
' LI R . f h . . :
“2.§fInspect hydraulic rams for damage. .,
€ B ~f'3.. Describe general procedures for changing
. hydraulic .oils, and filter. ,
- A .,
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. . . 3}
A . 3. ’
* ‘ Y
L]
8 . N
) . ) % J
' ) r~ i,
) 4 ~ 4
[
Ve
. // 7 Y\;;‘:“
/
// I
. // *
v _,/'/ .
//‘ >
/‘/ hd
@ /
. "/‘
‘ . . » ¥
o e :
ERIC : o . 119
} ' ‘¢ . .

Al




LT

»h'.“.‘_.., ) » ..‘. - ‘, B . " ._ y L. ‘ . ’ ‘\ . R . . ’ ‘
. ‘ © . AETIVITIES - | B .~ PURPOSE,
. Read: Information Sheet f1 ‘e ‘ _ g
- . o » - . v
- - o ' Al R
. ~ |- Additional backgtound reading
o o Read: 'John‘heere Fundamentals of provides an appreciation and
U Service *Hvdraulics, Cenefal understanding as well as other ap-
- Maintenance T proaches to fluid power systems,
L. . | s . - ’
T t . T ' ' i ’ ] )
INFORMATION SHEET  #1| |
’ CMAINTENANCE * N
Once a fluld power syptem has been ,
created and tested, 1t should”be . - ' o
. able to run for an-extended time. d/' -
It is’necéssary, however,‘to inspect . . - —

the equipment on a periodic basis
to discover small problems before

- . they become big ones. . ' \\_::::) : , A

‘ It is also necessary to perform ' o
basic routine maintenance, such as : .

. oil changes, filter changes, system. ° X\,' ' ' '
cleaning and flushing and line "
connection tightness. .Where it is
possible, such as on mobile equip-

ntY a regular cleaning should be
t of the maintenance pro-

The priwsiple areas of concern that
must - be atched in maintenance are
that:

Dy recommended fluids are
laced in the system

2. o1l filters must not become
excessively dirty or clogge

3. oil is kept at a high enoughfw"’Ar

lével dn the reservoir

4, fluid couplings are tvu;.os-——-? (::__——:C@:__—p

4




INSPECTION

Jave you ever noticed that an air-

plane pllot always walks around and
inspects his aircraft before start-

ing a flight? To a certain de ree,,*‘

this' 1s also necessary in the fluid

power systems. Some procedure ‘should ™

bewegtahlistted to insure that equip-
ment is inspected’'on a regular basis.

’

-

: .
[4 o

Some operators wash down their equip-.
~ ment after each use. At that time,
they check fuel levels.and oil Yevels.

A visual check 1s made for leaks at
‘external couplings. 'General appear-
ance of equipment should also be

checked. The operator has just fin-

isheq running the unit and so any

. strange noise or action of the equip-

ment is fresh in his mind. A check -
of possible causes may pinpqint the

"source and, if repairs are necessary,

the equipment can be referred to

- the service shdp.

During an inspection of this type,
all cylinder actuators should be
extended to full length and the

sbhiny rams inspected for burrs and
nicks which can harm the oil seals.
Use of a soft rag will detect small
abrasions. Actually, if the rams
have entered the cylinders, it may
be too late! Any time an operator
has reason ta believe thé‘tam'is
being scratched, nicked or® bent,

1t must be 1 in an extended
position, 1fYgossible. An immediate
inspection may find a difficulty '
that, if retracted into the cylinder,
can double or triple th® cost qof =«
repair! Mfnor nicks, burrd\ or
rough spots may be flatteped with

a small hammer and smoothed with
a fine file and crecus’'or emotry
cloth. . . R

EN ,.!\”
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This action'mayfnbtfpr6dgqe”a"per—"
fect ram but Lt will*permit re-. &
traction ‘into~the cylinder. The «°
ram will:have 't be.'thecked :further
NG A B A o . ’ » ' '),.
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~ the wrong place ¢

“'with plastic or wrap them to prevent

A

by a mechanic to see if further M } | a
repairs are required. DBent ramg ‘

shonld be removed from the cylinders, - . fﬂ’
not retracted into it. L . .. . . )

"MAINTENANCE ACTIVITIES
N _A . . ) P
@leanliness: :

Clkanliness is more important in hy~ - A
draulics than nearly any other system
of a machine. One grain of sand in
aﬁ’stop a whole’ system
because of the sd51L orifices in tlre
system.

Be sure to use a clean environment ‘to

work on equipment. Simple things like

a dirty funnel to pour oil should not

be used. Use of a clean funnel with a

fine mesh screen to stop contaminants

‘from entering. the system”is most desiyable.

Protec® breathers and filler caps from ?
water when washing the machine..

When removing fluid hoses or devices,
be sure the.surrounding area is clean.
This prevents sludge or dirt from enter-
ing the system by accident. Plug lines I

dirt form entering the system. Do got : _' : . 8
add dirt when you add oil! ' _ S )

0il Changes:w

Every manufacturer of a fluid power system will recommend a type, sbecificatioé
- level, and viscosity of oil to be used in the system. He will also specify the
" 0il change frequency. The brand of of{l is relatively unimportant if it is

from a reliable 0il producer. Be sure to know the type of oil specified for

your equipment. Two tractors from the same manufacturer m may have entirely

different fluids recommended. "

This lesson does not discuss motor oil.
in the fluid power system. For more on oils, see VIP Learn
108-B : T '

’

If incorrect hydraulic fluids are added, the entire syQtem may soon fail,
Seals react differently to various available fluids., IFf they are not compatible,
all seals in the complete system will become swollen and have to be replaced.

‘ - »
011 should be drained at the intervals recommended by the manufacturer. He will
usually vary this-according to operating condltionq, including temperatures,
amount of dust ,+ and the severity of demands on the machine. If.there is no

NOTE: It discusses the hidraulic 0il

ng Package
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unusually dirty o1l in the system, the procedure to follow is:

o il i the often, the

clean the reservoir

‘ change the filter
" » .
replace with approved oil

If the dralned®oil is particularly dirty, an approved flush oil may be put into
the system. After the system has been operated for a period of time recom-
mended by the manufacturer, the flush oll 1s drained and the regular oil, and

a new filter, may be replaced in the systew. ' . .

. CAUTION: Do not use ordinary cleaning solvents. They da not have proper lu-
bricating capabilitiea,and bearings, surfaces, andseals can be serilously:
damaged

L)

All drained oil and the bottom of the reservoir should be checked for metal
particles and rubber 'chunks!'. : . -

. ) - -

If these begin to appear, the system'should be checked for additional problems.
Medgé’particles usually imply that some unit in the system is failing and the
metal, as it  rubs agalnst other pleces of metal, is wearing off. Tt is critical
that this unit be found as metal particles may get‘into another unit or

valves and damage the entire system.

~

e

Rubber flakes or chunks usually are pieces of "0" rings-or hoses that are . ,
‘deteriorating. As it disintegrates, the rubber is carried by the oil stream ’
to the reservoir.screen or the oil filter. A failing hose should be replaced S
immediately to avoid a burst .hose. A burst ho¥e can cause gevere safety haz- )

ards,; such as hot oill on the operator or a critical‘actuator failing. Failing

"0" rings may cause oil leakage.

. L]
] . & e ’

. . ) ¢
", .

 SELF-TEST ) - ' ‘

Complete the sentence or circle the most correct answer.

1. Inspection of equipment should be scheduled on a | basis.

2, Inspections often turn up _ ¢ | problems beford they
become major repairs. ' . .

. 3. Four areas of concern are:

e e

4, FExtend all > to full length for fn-
spection. ‘

K




.‘ '5." Check the above for nicks and burrs which can haym the _in
the system,
6, If rams afé bent during operation, they must, must not be retracted into
2 the cylinders.
7. Cleanliness 1is important because of the size of the system's
8. Check with L ] ' to determine type,
viscosity, specification level of the replacement fluids.
;3/ Incorrect fluids may cause the - to fail, - v
10. If fluld is excessively dirty, the system may be flushed with
flushing oil. c ! *
. ‘ ’
11. Drained oil should be inspected for : particles
and chunks.
@ ‘° "'
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. | POST—TEST Package Number
) , : . -
. MAINTENANCE OF_FLUIF POWER SYSTEMS , .
' * 2
’ | ' | 5
Write a description of a maintenance procedure for fluid power systems. )
Be sure to name all of the areas to be included in a proper maintenance .
procedure. o '
B 7 -
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